Purpose Fosaprepitant is known to cause infusion-site reactions. However, there is limited data regarding these reactions including the effect of peripheral intravenous administration or other potential factors on their incidence. This singleinstitution retrospective study was undertaken to investigate the incidence of infusion-site reactions with single-dose intravenous (IV) fosaprepitant when given through a peripheral line prior to administration of chemotherapy. Risk factors for the development of infusion-site reactions with fosaprepitant were also explored. Methods Medical records of patients with cancer receiving IV fosaprepitant through a peripheral line were reviewed. The primary objective of this study was to estimate the incidence of infusion-site reactions at our institution. Data collection included demographics, fosaprepitant infusion information, and grading of reactions. Results We found a 15 % incidence of infusion-site reactions among all peripherally administered doses of fosaprepitant. The 50 reactions occurred in 43 unique patients representing an incidence per patient of 28.7 % (43/150; 95 % confidence interval (CI) 21.6-36.6). Factors found to be associated with infusion-site reactions included age [odds ratio ( Conclusions The incidence of infusion-site reactions with peripherally administered fosaprepitant as seen in this study is higher than that reported in the package insert. Risk factors for developing infusion-site reactions in our patient population include age, location of IV line, and simultaneous maintenance IV fluid rate of <100 mL/h.
Background
Despite progress in the management of chemotherapyinduced nausea and vomiting (CINV), this problem still remains among the most troubling side effects of chemotherapy. Without appropriate antiemetic prophylaxis, more than 90 % of patients who receive highly emetogenic chemotherapy (HEC) will experience vomiting. With the selection of appropriate antiemetics prior to HEC, that number can be reduced to approximately 30 % [1] [2] [3] . Prevention of nausea, however, remains challenging as evidenced by the results of a recently published phase III trial in which only 38 % of patients receiving the standard antiemetic regimen were without nausea for the overall period (0-120 h post-chemotherapy) [4] .
With the advent of the neurokinin-1 (NK1) antagonist aprepitant and the intravenous (IV) prodrug fosaprepitant, CINV has become even more manageable. Two phase III trials of patients receiving HEC compared standard antiemetic therapy (ondansetron and dexamethasone) to standard antiemetic therapy plus aprepitant. These studies demonstrated a 10-15 % absolute reduction of acute emesis and a 20 % absolute reduction of delayed emesis [5, 6] . Another phase III trial involving patients treated with HEC demonstrated that a single dose of IV fosaprepitant was non-inferior to the standard 3-day oral regimen of oral aprepitant [7] . This single-dose regimen of fosaprepitant may be an attractive treatment option due to its convenience, cost, and similar efficacy.
Although there was no difference in efficacy between the two treatment options, there is an added safety risk with IV fosaprepitant due to its propensity to cause infusion-site reactions (such as pain, erythema, edema, and thrombophlebitis) when administered peripherally [7] . There is currently limited data describing the risk of infusion-site reactions with peripherally administered fosaprepitant. The incidence reported in published literature and the package insert is 2.2 to 3 % across all grades, with grade 3 or 4 infusion-site reactions occurring rarely [7, 8] . A recently published study out of Japan reported an incidence of 23.6 % in the treatment group compared to 12.4 % in the placebo group [9] . The difficulty in interpreting these data is that the number of patients receiving fosaprepitant through a peripheral line versus a central line is not reported, so the true incidence of infusion-site reactions when administered peripherally is unknown.
At The Arthur G. James Cancer Hospital at The Ohio State University, fosaprepitant became the preferred NK1 antagonist in September 2012. Since that time, some clinicians have noticed an increased incidence of infusion-site reactions. This rate is thought to be in excess of what has been reported in the literature with this agent. Therefore, this study was undertaken to investigate the incidence of infusion-site reactions with single-dose IV fosaprepitant at The James when given through a peripheral line preceding chemotherapy. Confounding factors for the development of infusion-site reactions with fosaprepitant will also be explored.
Methods

Study design
We conducted an IRB-approved, retrospective review of patients who received IV fosaprepitant through a peripheral line between September 2012 and December 2012. Patients treated with fosaprepitant were identified for inclusion using a report of fosaprepitant use during the specified time period from the inpatient records at The Arthur G. James Cancer Hospital at The Ohio State University or outpatient records at any of the outpatient infusion center locations. Based on the package insert and institutional standards, fosaprepitant was administered at a concentration of 1 mg/mL (150 mg/ 150 mL), compounded in Baxter® 0.9 % sodium chloride IV bags over 20 min. The IV line was then flushed with 0.9 % sodium chloride maintenance solution before chemotherapy administration. We acknowledge the possibility that some variability in infusion time and flushing procedure existed based on personal nursing practice. The information about an infusion-site reaction was extracted from the patient's medical chart based on preformatted "smart phrases" used by nurses to standardize reporting of these reactions. When appropriate, information was extracted from nursing toxicity assessments, documentation of telephone encounters, or office visits.
Inclusion criteria
To qualify for inclusion in the study, patients were required to be between the ages of 18 and 89 years of age and received fosaprepitant through a peripheral IV line during the specified time period.
Exclusion criteria
Patients who were incarcerated or pregnant were excluded from the data analysis.
Data
Data collection included gender, age, type and stage of malignancy, past and current chemotherapy regimens, past fosaprepitant exposure, location of peripheral line, duration of fosaprepitant infusion, total volume and dilution of fosaprepitant, maintenance IV fluid rate during fosaprepitant infusion, incidence of infusion-site reactions experienced by the patient, timing of the reaction in relation to the infusion of fosaprepitant and the chemotherapy, grading of the reaction by the nurse (Table 1) , future administration of fosaprepitant in the event of a previous infusion-site reaction, and nursing management of patients that experienced an infusion-site reaction (use of cold compresses, placement of new IV line, referral for placement of central line, discontinuation of fosaprepitant, etc.). The charts of all patients who experienced an infusion-site reaction were reviewed by a physician (the senior author) who verified the reaction and determined the grade based on information provided in the chart. If the chart contained insufficient information to reliably determine the grade, the nursing assessment of the grade was used.
Sample size
The primary objective of this study was to estimate the incidence of infusion-site reactions when fosaprepitant was administered through a peripheral line at our institution between September and December 2012. We estimated the rate of infusion-site reactions per number of doses as well as the rate of infusion-site reactions per number of patients treated with fosaprepitant. Using a sample of 100 subjects and assuming an incidence of infusion-site reactions of 5 %, the 95 % confidence interval will have a width of 9.7 % (actual confidence interval (CI) 1.6 to 11.3). This width is under 10 %, which is considered narrow enough for the purposes of this study.
Statistical analysis
The primary analysis was done to estimate the incidence of infusion-site reactions and its associated 95 % confidence interval using exact binomial methods. The study population was described using means and standard deviations or medians and the interquartile range depending on the distribution of the continuous variable. Categorical variables were presented using frequencies and percentages. Secondary analyses used exact logistic regression methods to determine if any patient demographics or clinical characteristics were associated with an infusion-site reaction. This analysis included both univariate and multivariate analyses to identify patient characteristics associated with infusion-site reactions. All analyses were run using Stata®, version 12.1, Stata Corporation, College Station, TX, USA.
Results
During the study period, 150 patients received 333 doses of fosaprepitant through a peripheral IV line. In the study population, the incidence of infusion-site reactions was 15 % (50/ 333; 95 % CI 11.4-19.3) among all peripherally administered doses of fosaprepitant. The 50 reactions occurred in 43 unique patients representing an incidence per patient of 28.7 % (43/ 150; 95 % CI 21.6-36.6). In patients in whom infusion-site reactions occurred, there was a range of 1-3 reactions per patient with one patient experiencing 3 reactions and five patients experiencing 2 reactions. The median number of fosaprepitant doses received per patient during the study period was 2 (range 1-7). Differences seen between the group who experienced an infusion-site reaction and the group without infusion-site reactions are summarized in Table 2 . All reactions were grade 2 or less according to CTCAE v4.03 criteria as determined by the nurses at the time of the reaction and later verified by a physician based on documentation of the reaction (Table 3 ). The discordance rate between the grading of the reaction by the physician and nurses was 14 % (7/50). Univariate analyses (Tables 4 and 5 
Discussion
To our knowledge, this study represents the first analysis of the incidence of infusion-site reactions specifically in patients We also examined potential risk factors for patients experiencing infusion-site reactions with peripherally administered fosaprepitant. On univariate analyses, these risk factors included age, female gender, peripheral IV lines placed in the hand rather than in the forearm or antecubital fossa, simultaneous maintenance IV fluid rate <100 mL/h, patients with breast cancer or a hematologic malignancy, and concurrent vesicant chemotherapy. On multivariate analyses per episode, the only risk factors that continued to show association with infusion-site reactions included age, location of IV line (IV lines placed in the hand showed the second highest association with infusion-site reactions), and simultaneous maintenance IV fluid rate (rates of <100 mL/h showed the highest association with infusion-site reactions). Breast cancer patients in the reaction group were all female which could explain why the higher percentage of breast cancer patients seen in the reaction group did not remain statistically significant on multivariate analysis. Of the 19 breast cancer patients in the reaction group, 14 (74 %) had peripheral IV lines placed in the hand and 17 (89 %) had a simultaneous maintenance IV fluid rate <100 mL/h. Another risk factor identified on univariate analysis that did not remain statistically significant on multivariate analysis was concurrent vesicant chemotherapy. The reason for this is not fully clear but perhaps precautions (i.e., avoiding joints where the IV catheter could be bent or extravasate; using larger veins as opposed to smaller veins; close attention to adequate blood return before, during, and after infusion; using heat packs/pads to keep veins dilated; and using higher maintenance IV fluid rates to keep veins patent) that are normally instituted prior to administration of vesicant chemotherapy agents through a peripheral line may also be effective in reducing the fosaprepitant-related infusion-site reactions. Of the 27 patients in the reaction group that received vesicant chemotherapy following fosaprepitant administration, 25 (93 %) were female, 16 (59 %) had peripheral IV lines placed in the hand, and 24 (89 %) had a simultaneous maintenance IV fluid rate <100 mL/h. Another possible explanation could be that the type of subsequent chemotherapy following administration of fosaprepitant is irrelevant when it comes to the risk of developing fosaprepitant-related infusionsite reactions. On multivariate analysis per patient, the only remaining statistically significant variable was location of IV line. A possible explanation for this difference could be the smaller sample size when analyzing variables per patient as opposed to analysis per episode, limiting power to detect associations with variables.
Observed management strategies for the treatment of infusion-site reactions included placing new IV lines and the use of warm protocol (applying warmth to the affected area for 15-20 min at least four times per day for the first 24-48 h), which seemed to help alleviate the patients' discomfort. Placing new IV lines, particularly in patients with breast cancer, presents a challenge due to the fact that many of these patients have had axillary lymph node dissections, leaving only one viable arm for IV infusions. Observed management strategies for the prevention of future infusion-site reactions included switching to oral aprepitant, switching to an alternative antiemetic regimen (i.e., olanzapine-containing regimen [4] ), prolonging the fosaprepitant infusion duration, further dilution of fosaprepitant to 0.6 mg/mL for the next administration, and even placement of implanted ports. Switching to oral aprepitant or to an alternative antiemetic regimen will avoid the potential for infusion-site reactions altogether, and this was observed in 18.6 % (8/43) of patients in our study. There were only four patients that were switched to the more dilute fosaprepitant infusion (150 mg in 250 mL) after experiencing infusion-site reactions. All four of these patients did not experience an infusion-site reaction following the use of a more dilute formulation of the agent. One of these patients experienced infusion-site reactions twice prior to receiving the more dilute fosaprepitant. The second infusion-site reaction in this patient consisted of standard concentration fosaprepitant (150 mg in 150 mL) given through a peripheral line in the antecubital fossa over 40 min with a simultaneous maintenance IV fluid rate of 300 mL/h. Fourteen patients underwent port placement after experiencing an infusion-site reaction. It is presumed that these patients were protected from future infusion-site reactions. However, future administrations were not examined in these patients as data collection only included peripheral administrations. Therefore, it is not known for certain if these patients experienced any additional infusion-site reactions when fosaprepitant was administered through a port. The infusion-site reactions were usually short-lived and resolved in minutes to hours; however, 24 % (12/ 50) of the infusion-site reactions were longer lasting with a median duration of 14 days (interquartile range 6.25-15 days).
Given the high incidence of infusion-site reactions, patient discomfort, and nursing dissatisfaction observed at our institution, the standard fosaprepitant administration procedure was amended. The dilution of fosaprepitant was changed to 250 mL of 0.9 % sodium chloride base solution, which was to be administered over 30 min for all patients regardless of venous access device. For patients who were to receive fosaprepitant peripherally or who had experienced a previous infusion-site reaction to fosaprepitant, providers were also encouraged to consider the use of oral aprepitant or the use of a different antiemetic regimen, such as olanzapine combined with dexamethasone and palonosetron [4] . These changes went into effect near the end of our study period, and it is not yet clear whether they will help lower the rate of fosaprepitant-related infusion-site reactions. We plan to conduct an additional analysis to determine the impact of the above changes.
There are several limitations to our study. First, the study was conducted in a single center and represented a small sample size, although the analysis included a wide variety of patients with multiple different cancer types, making these results more generalizable. Second, patients were analyzed retrospectively, creating the possibility of information bias. We relied on nursing documentation for much of our data collection and therefore encountered several instances of missing information; in particular, the grading of the reaction was often not documented. In order to improve accuracy, a physician reviewed the charts of all the patients with documented infusion-site reactions and verified the diagnosis and grading with a discordance rate of 14 %. Lastly, to maintain consistency with previously published literature [7, 9] , we chose to include infusion-site reactions that occurred during chemotherapy and beyond. Forty-eight percent of all reactions occurred after administration of fosaprepitant, but the lack of a comparator arm (a chemotherapy arm that did not receive fosaprepitant) makes it difficult to determine whether these reactions were due to the combination of fosaprepitant and chemotherapy or chemotherapy alone. Based on our previous institutional experience, infusion-site reactions were very uncommon prior to the use of intravenous fosaprepitant, even in patients treated with vesicant chemotherapy.
Conclusions
The incidence of infusion-site reactions with peripherally administered fosaprepitant as seen in this study is much higher than that reported in the package insert. Fortunately, all reactions were mild to moderate in severity and resolved quickly, confirming that IV fosaprepitant should remain a valuable agent in nausea prevention prior to HEC. Risk factors for developing infusion-site reactions include age, location of IV line, and simultaneous maintenance IV fluid rate of <100 mL/h. More robust prospective trials are needed to confirm these findings.
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